This study investigated the effects of a TeleWound program on the use of service and financial outcomes among homebound patients with chronic wounds. The TeleWound program consisted of a Web-based transmission of digital photographs together with a clinical protocol. It enabled homebound patients with chronic pressure ulcers to be monitored remotely by a plastic surgeon. Chronic wounds are highly prevalent among chronically ill patients in the United States (U.S.). About 5 million chronically ill patients in the U.S. have chronic wounds, and the aggregate cost of their care exceeds $20 billion annually. Although 25% of home care referrals in the U.S. are for wounds, less than 0.2% of the registered nurses in the U.S. are wound care certified. This implies that the majority of patients with chronic wounds may not be receiving optimal care in their home environments. We hypothesized that TeleWound management would reduce visits to the emergency department (ED), hospitalization, length of stay, and visit acuity. Hence, it would improve financial performance for the hospital. A quasi-experimental design was used. A sample of 19 patients receiving this intervention was observed prospectively for 2 years. This was matched to a historical control group of an additional 19 patients from hospital records. Findings from the study revealed that TeleWound patients had fewer ED visits, fewer hospitalizations, and shorter length of stay, as compared to the control group. Overall, they encumbered lower cost. The results of this clinical study are striking and provide strong encouragement that a single provider can affect positive clinical and financial outcomes using a telemedicine wound care program. TeleWound was found to be a credible modality to manage pressure ulcers at lower cost and possibly better health outcomes. The next step in this process is to integrate the model into daily practice at bellwether medical centers to determine programmatic effectiveness in larger clinical arenas.
INTRODUCTION T
HIS STUDY WAS AIMED at investigating the effects of a TeleWound program on the use of service and financial outcomes among homebound patients with chronic wounds. The TeleWound program was internally developed at the University of Michigan Health System (UMHS), jointly designed by the Telemedicine Resource Center and Department of Plastic Surgery. The program allows homebound patients with pressure ulcers to receive distance care and remote monitoring from their plastic surgeon. It utilizes a store-and-forward system and consists of Web-based digital photography and standardized clinical protocols. Measures of use of service include frequency of emergency department (ED) visits, outpatient clinic visits, hospitalization and length of hospital stay, number of outpatient clinic contacts (other than visits), and outpatient visit acuity. Financial outcome measures were limited to the UMHS's direct and indirect costs.
MATERIALS AND METHODS
Chronic wounds are highly prevalent among chronically ill patients in the United States (U.S.). Typically, the cost of care for such patients is quite substantial. Overall, it has been estimated that about 5 million chronically ill patients in the total population of the U.S. have chronic wounds, and the aggregate cost of care for them exceeds $20 billion annually. Moreover, this cost increases with advancing age at the rate of about 10% per year. 1 Another estimate places the number of patients with chronic wounds at 6 million, overall, or nearly 2% of the total U.S. population. 2 Pressure ulcers occur frequently among hospitalized patients. It has been estimated that about 2.5 million hospitalized patients receive treatment for pressure ulcers each year. 3 Their care is very costly. For instance in 1999, the estimate for the total cost of caring for hospital-acquired pressure ulcers was between $2.2 and $3.6 billion per year. 3 The cost of care for a single hospitalized patient with a pressure ulcer ranged between $5,000 and $40,000. [4] [5] [6] The estimated cost for surgical closure of a pressure sore ranged from $75,000 to $90,000. Often, the hospital does not get fully reimbursed for this cost. 1 Hence, the average hospital in the U.S. incurs between $400,000 and $700,000 in direct costs to treat pressure ulcers annually, and a large portion of this cost is not reimbursable. 3, 7 There is empirical evidence that demonstrates a strong association between pressure ulcer and hospital length of stay. 8 Under the prospective payment system, the required care for these patients places hospitals at a significant financial disadvantage, particularly the loss of revenue as a result of the prolonged hospitalization. 1 The problem is all the more acute among the elderly. Indeed, 70% of all pressure ulcers occur among patients who are 70 years of age or older. 8 Additionally, pressure ulcers greatly increase the risk for osteomyelitis of the pelvis and septicemia, 8 and cellulitis. 9 For instance, nearly two thirds, or 65%, of elderly patients hospitalized with hip fractures develop pressure ulcers. 10 Among other investigators, Allman et al. found that pressure ulcers constitute a "significant predictor of both length of hospital stay and total hospital costs, 4, 11, 12 " increased risk of amputation and death. 3, 4, 11, 12 Several factors contribute to the high cost of treatment for pressure ulcers. These include nursing time, physician time, surgical procedures-flaps and debridement-and, of course, longer hospitalization for complications. There is also the added cost of expensive devices and products, such as specialty beds, pressure-relieving devices, pharmacotherapy, and rehabilitation. The experience can be painful and disfiguring. In addition to the physical symptoms, afflicted patients may suffer from the sequelae of low self-esteem, embarrassment, and "body image disturbances." Indeed, the problem degrades quality of life and functional performance among patients. This becomes all the more serious when considering that such patients often experience slow recovery because of having comorbidities. Often, they become dependent on a caregiver to change their dressings and to help them with basic activities of daily living. In turn, caregivers have to devote time and energy to care for these patients, who tend to be elderly parents. The burden on caregivers is substantial, and it can disrupt the normal routines of nuclear families. 13 Since many of these patients require professional help in their home environments, there was a concomitant increase in the demand for homecare services. 14 From the wound care perspective, this increased the demand for home health services. However, it was not a boon for home health agencies that have to operate under the Prospective Payment System because the increased demand did not generate additional revenue. 15 Nonetheless, the actual increase in the number of homecare patients with acute and chronic wounds resulted in the prominence of the homecare setting for the care of these patients. 16 For instance, between 2000 and 2005, the average number of home health visits per patient was expected to increase from 65 to 82. 17 Yet overall reimbursement has been declining. Dansky et al. reported that home health agencies are currently being reimbursed at levels 2% lower than 1993-1994 levels. 18, 19 Nearly a quarter of home care referrals in the U.S. are for wounds. 20 Homecare agencies complain about the deficit they incur in treating such patients. Although their cost ranges between $8,000 and $30,000 per year, their reimbursement is limited to about $2,500 on a national level. 20 Nurses who are specialty trained in wound care can reduce the cost of care by applying their knowledge, skill, and efficient use of resources. 20, 21 Indeed, it has been demonstrated that effective and timely treatment of chronic wounds is based on high-quality, standardized, "community-based specialty care", 20, 22, 23 and that chronic wounds heal more rapidly in the home setting when the care is provided by specially trained nurses, as compared to their counterparts. 24 However, less than 0.2% of the registered nurses in the U.S. are wound care certified. This implies that the vast majority of such patients do not receive optimal care in their home environments. 20 
Description of the intervention
The TeleWound program consists of a Webbased transmission of digital photographs and a clinical protocol that enables homebound patients who have chronic pressure ulcers to be monitored remotely by a plastic surgeon who is a specialist in wound care management. These patients have been receiving their normal care from their plastic surgeon when they visit the office. However, care in their homes has been provided by a home health agency. Those participating in the TeleWound program are visited by the TeleWound nurse in their homes. During these visits, the nurse takes a digital photograph of each wound, as shown in Figure 1 , and completes a standardized wound assessment form, which captures detailed data such as (but not limited to) wound location, size, stage, drainage, odor, presence of exposed bone, "feel" of bone if exposed, percent necrotic tissue, dressing regime, and products used. There are also two open-ended sections, one where the TeleWound nurse documents her overall assessment, and another section for communication/questions from the nurse to the physician. The information is relayed on a secure Web-based platform to the manager of the program who arranges the complete file for the physician.
The digital camera model chosen was the Nikon CoolPix 4500 model (Nikon, Melville, NY), plus a Nikon CoolLight S-1. The CoolLight is a ring light that attaches directly to the camera. It ensures consistent lighting for all images, because the ambient light situation in the homecare environment is often unpredictable. (Flash is never used because it tends to "wash out" the wound color.)
Digital photography employs an explicit but simple protocol, including specifications as angling the camera "head on" to wound, taking the photo between 10 and 18 inches away from the wound, placing a paper ruler and wound identifier tag in close proximity to the wound, and capturing the wound, tag, and ruler in each photo. The tag is preprinted with a large red circle. This red circle is the same hue and intensity of healthy wound bed tissue, and is used to compare the color of the actual wound to a standardized color. The nurse also makes sure the wound is centered in the photograph, without shadows, and uses a contrasting background. After executing this task, the nurse reviews the photographs. If they are found inadequate, new photographs are obtained. All photographs and protocols are transmitted over a Virtual Private Network within 24 hours.
In-home TeleWound visits are conducted by the nurse either weekly or biweekly, depending on the stability of the wound. The surgeon reviews the information within 36 hours of receiving it, and makes treatment decisions based on the data, except when alerted to an emergency situation by the nurse or manager. The surgeon determines whether or not a change of order is indicated or whether a clinic visit or surgical debridement should be scheduled. The surgeon also responds to the nurse's questions and comments, which were relayed in the open-ended sections of the wound assessment form.
STUDY DESIGN
The leading hypothesis in this study posits that the TeleWound management program will result in reduced frequency of visits to the ED, reduced hospitalization and length of stay, reduced visit acuity, and improved financial performance. Moreover, it is expected that the longer patients participate in the TeleWound program, the greater the effects.
A quasiexperimental design was chosen as the most feasible approach to test this multipart hypothesis. It consists of an improved nonequivalent control group design, in which the experimental (TeleWound) cases are observed prospectively, whereas the control group is a matched historical group. The improvement over the traditional nonequivalent group design derives from matching cases with comparable controls. The TeleWound group consisted of 19 patients who gave informed consent to participate in the study. Of those who were asked to participate in the study, two refused after the start of the project. Hence, the total pool consisted of 21 patients. In order to ensure the reliability of the analysis, these cases were included in the study only if they participated in the TeleWound program for a minimum of 3 months. Moreover, for analytic purposes, the experimental (TeleWound) group of 19 subjects was further subdivided into "established" patients (those who have participated in the program for 12 months or more from the start of the project) and "nonestablished" patients (those who have participated less than 12 months). The experience of the subset of "established" patients was examined separately because its members were expected to show a larger effect than the group as a whole. The TeleWound group consisted of 11 males and 8 females. The "established" subset among them consisted of 7 males and 4 females.
Nineteen controls were matched by wound type, comorbidities, distance of residence to clinic, and payer mix. These cases were selected from hospital records. All received their wound care from the same surgeon but not necessarily from the same home health agency. Distance from home was calculated by placing home address and the address of the clinic into MapQuest ® , which computed mileage for each address. Visit acuity was abstracted from the electronic medical record, where it is systematically coded.
The two groups were not matched by age. However, all subjects of the study are patients of a single provider and receive treatment in the same outpatient clinic as the experimental group. The data for the TeleWound group were collected prospectively for a period of 2 years, whereas the data for the control group were abstracted from the electronic master records for the same period.
The dependent variables: use of service and financial performance
Use of service measures was straightforward. They included number of ED visits, number of outpatient clinic visits, number of inpatient hospitalizations, length of stay, num-ber of outpatient clinic contacts, and level of outpatient visit acuity. This latter variable was abstracted from hospital financial records. A "clinic contact" is defined as any type of contact (phone calls, nursing notes, etc.) with the plastic surgeon or plastic surgery nurse, which was recorded in the electronic medical record. Financial outcome measures examined were based on inpatient and outpatient health system direct and indirect costs. These data covered 2 full calendar years, 2004 and 2005. Factors such as wound healing time were not measured in the study.
DATA ANALYSIS AND FINDINGS
The analysis of the data consisted of comparing the utilization experiences of the two groups-TeleWound (experimental) and control-over a 2-year period. A further assessment is made for the subset of "established patients" in order to test the secondary hypothesis to the effect that experience in the TeleWound program tends to increase the magnitude of the effect. The significance of the difference between the TeleWound and control groups is ascertained by the 2 and their contingency coefficients (p values). The value of 2 was calculated using the standard formula. Although several of the dependent variables were continuous, we had to collapse the categories because of the small sample size.
ED visits
For the 2 years combined, patients in the TeleWound group made a total of 19 ED visits, whereas the control group made a total of 39 such visits. The averages for the two groups were 0.84 and 2.05, respectively, that is, on average, patients in the TeleWound group made less than 1 visit to the ED over a 2-year period, whereas those in the control group averaged more than 2 visits. This trend is even more dramatic among established patients. Nine of 11 in the TeleWound group did not make any ED visits and only 2 had 1 or more visits, whereas the reverse is true of the control group (data are shown in Table 1 ).
Number of ED visits: TeleWound patients are much less likely to use the ED than the control group, and the TeleWound group uses the ED less frequently. The TeleWound program intervention is positively related to absence of ED use, and negatively related to number of ED visits. These effects increase the longer pa-TELEWOUND MANAGEMENT 667 
Outpatient visits
The TeleWound group made more outpatient visits than the control group (a total of 211 versus 190, or an average of 11.12 versus 10.0). However, these differences were not statistically significant as measure by the 2 . Among established patients, the TeleWound group made fewer outpatient visits than did the control group. Again, the differences were not statistically significant. Hence, this part of the hypothesis was not substantiated by the data (Table 2) .
Hospitalization
We employed 2 measures of hospitalization in this study: number of hospital admissions and length of stay. For the 2 years, the TeleWound group had a total of 50 admissions, whereas the number for the control group was nearly double (93 admissions). When examined in more detail (as shown in Table 3 ), no patients in the TeleWound group were admitted more than 6 times, as compared to 5 patients in the control group who were in the same category. The difference between the two groups is statistically significant. The established patients demonstrated this difference even more starkly. The average for the TeleWound group of established patients was nearly 2 admissions (1.91), whereas the average for the control group was more than threefold (6.09).
The same trends were observed with regards to length of stay (data shown in Table 4 ). The TeleWound group spent a total of 399 days in the hospital over the 2-year period, whereas the control group spent a total of 732 days. Stated differently, the patients in the TeleWound group spent an average of 21 days in the hospital during 2004 and 2005, whereas patients in the control group spent an average of 38.53 days in the hospital. Among established patients the difference was even more substantial. Seven of the 11 established patients in the TeleWound group spent 6 days or less in the hospital, as compared to only 1 in the control group with the same length of stay.
Clinic contacts
The program intervention was not designed to reduce contact between patients and clinicians; it was designed to reduce the cost of car- ing for complex, chronic wounds. Indeed, all patients with chronic wounds (in both the TeleWound and control groups) were encouraged to contact the clinic when they had a problem or a question, and they were not charged for such contacts. We wanted to ascertain whether the 2 groups differed in terms of this variable. The findings confirmed the similarity of the 2 groups, as shown in Table 5 .
Visit acuity
We assessed differences in visits between the TeleWound and control groups at 3 levels: high, medium, and low acuity. No differences between the 2 groups were observed among those having either high-or low-acuity visits.
On the other hand, there were significant differences among those having medium-acuity visits. This finding implies that the program had no effect on the intensity of care during outpatient visits when the patients had either serious or small problems. It did make a difference for those in between. However, that effect disappeared among established patients. (Data shown for medium acuity only, Table 6 )
Financial outcomes
In order to assess financial outcomes, we examined "all cost data" generated by study patients for calendar years 2004 and 2005, for both groups: TeleWound and control. "All cost data" is defined as any cost related to any and all care these patients received at our health system, both inpatient and outpatient, regardless of whether or not the care was wound related. Direct costs are those costs driven by and directly attributable to each individual patient. They are variable in nature, since they are generated by rendering care to that individual, per episode of care. Direct costs are essentially "controllable." On the other hand, indirect costs are those costs spread across all patients, and are fixed in nature. Data shown in Table 7 reveal that both indirect and direct inpatient costs were considerably less for the TeleWound group as compared to the control group. Inpatient costs also decreased from year 1 to year 2 for the TeleWound group from $22,481 to $6,422, whereas they stayed relatively stable from year to year for the control group, from $24,200 to $22,405. On the other hand, outpatient direct costs for the TeleWound group remained almost the same, $6,224 versus $6,408, and it declined for the control group from $2,293 to $1,494. The reason for the decline among the control group is not clear.
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We also examined cost data related to wound management only, including services provided by any department or service unit within the health system. In all likelihood, we were able to account for all costs because all these patients were regular clients of the health system. However, we cannot be certain that no other costs were incurred if other providers were used. These data are also presented in Table 7 .
All costs incurred for wound management only declined for both groups. However, the TeleWound group experienced a slightly greater decline. On the inpatient side, the TeleWound group experienced a decline from an average of $3,237 to $1,615, whereas the average for the control group declined from $10,174 to $5,593. The most notable differential exists between the total direct inpatient costs for the TeleWound group versus the control groupthe difference is staggering ($92,183 compared to $299,576, respectively). Similar trends of decline are observed for outpatient costs.
If we consider the total inpatient and outpatient costs for the 2 groups, the advantage is still held by the TeleWound group for both types of costs. The TeleWound group incurred an average total direct (inpatient plus outpatient) cost of $6,882, and the control group incurred an average of $17,214. For total indirect (inpatient and outpatient) costs, the TeleWound group incurred an average of $3,811, Table 8 ). However, overall, the TeleWound group had a substantial advantage over the control group. The comparisons in their total costs for the 2 years combined are as follows: The total average direct cost (inpatient and outpatient) for the TeleWound group was $26,526 and $60,528 for the control group. Average indirect costs were $2,748 for the TeleWound group and $34,101 for the control group.
These differences become even more dramatic when we examine wound management costs only. Average inpatient direct costs for the TeleWound group were $4,192 for both years, whereas the control group incurred an average of $18,735 per patient. Indirect costs were also markedly different: the TeleWound group incurred an average of $2,242 per patient, and the control group incurred an average cost of $10,502.
If we consider the total inpatient and outpatient costs for the 2 groups, a clear advantage is held by the TeleWound group for both types of costs. The TeleWound group incurred an average total direct (inpatient plus outpatient) cost of $5,816, and the control group incurred an average of $20,911. For total indirect (inpatient and outpatient) costs, the TeleWound group incurred an average of $3,215 and the non-TeleWound group incurred an average of $11,919.
CONCLUSION
The urgent needs of our aging population, in particular, nursing home residents, prisoners, and Veterans Hospital patients, provide strong incentives to develop innovative methods to deliver clinically appropriate and cost-effective wound care. Despite the proliferation of wound care centers, often patients with pressure ulcers and associated multiple comorbidities are poorly suited for management at these sites. Hence, we investigated the appropriateness of telemedicine for in-home wound management. Telemedicine is a particularly attractive strategy for those with spinal cord injuries, because their transportation is always difficult, time consuming, and expensive.
The leading hypothesis for this study posited that subjects managed with a combination of traditional wound care plus telemedicine would have superior financial outcomes over subjects managed with a traditional "only see the doctor in person" approach. We utilized a case-controlled study design in which patients in the control group were carefully matched for wound type, comorbidities, distance of residence to clinic, and payer mix. Primary outcome variables included services provided and financial performance. The subjects were followed up between 12 and 24 months. A single provider managed all the outpatient visits and attended all of the telemedicine sessions to evaluate the wounds.
The results of this clinical study are striking and provide strong encouragement that a single provider can affect positive clinical and financial outcomes using a telemedicine wound care program. For example, the telemedicine group had 50% fewer emergency department visits than the control group. Furthermore, the subjects in the telemedicine group averaged less than 1 emergency department visit each, during the 2-year period of the study. This is a particularly important statistic because presentation in an emergency room with a pressure ulcer and fever virtually guarantees hospital admission.
The analysis of the data provides insight into the impact of an emergency visit on hospitalization. In the telemedicine group, hospitalization occurred half as many times as in the control group. Although all subjects in the trial
